Several studies have documented that emotional arousal may enhance long-term memory. This is an adaptation of a paradigm previously used in North American and European samples in investigations of the influence of emotion on long-term retention. A sample of 46 healthy adults of high and low educational levels watched a slide presentation of stories. A randomly assigned group watched a story with an arousing content and another group watched a neutral story. The stories were matched for structure and comprehensibility and the set and order of the 11 slides were the same in both conditions. Immediately after viewing the slide presentation, the participants were asked to rate the emotionality of the narrative. The arousing narrative was rated as being more emotional than the neutral narrative (t (44) = -3.6, P<0.001). Ten days later subjects were asked to remember the story and answer a multiple-choice questionnaire about it. The subjects who watched the arousing story had higher scores in the free recall measure (t (44) = -2.59, P<0.01). There were no differences between groups in the multiple-choice test of recognition memory (t (44) = 0.26). These findings confirm that an emotional arousing content enhances longterm declarative memory and indicate the possibility of applying this instrument to clinical samples of various cultural backgrounds.
Introduction
It is well known that memories of the happy and sad moments seem more resistant to the decay of time than other less striking events. Evidence from laboratory studies have similarly shown that memory retention is enhanced by increasing the emotional content of information in both normal (1) and brain-damaged subjects (2) . These findings suggest that emotional arousal produced by certain situations can promote memory storage (3).
Studies on emotion have shown that particular qualities of pictures may elicit an emotional response that varies according to the valence (positive to negative) and in the arousing property of the stimuli (from neutral to exciting) (4) . The arousing property of the emotional state produces both memory enhancement and memory inhibition. Intense emotional experience, such as in traumas, may cause psychogenic amnesia of lasting quality (5) . In the present study we are concerned with the enhancing effects of emotional arousal on declarative memory (con-scious recollection of information) in humans. The study follows a line of research that examines the retention of information of an emotional experience which is not of traumatic intensity and involves visual and verbal modality.
Different instruments and stimuli have been used in studies of emotional memory, such as neutral and emotional pictures (1, 6) , emotional facial expressions (7), film clips (8) , and stories (9) . The recall of narratives has been employed in a number of memory assessments and is considered a useful measure to assess recall and recognition (10) .
The choice of memory measures and research instruments for this type of study poses a challenge in terms of internal and external validity because different stimuli are usually employed under experimental and control conditions. The different quality of the materials may confound the main effect and limit generalization. Also, cultural factors may affect the way emotional experiences are appraised (11) . Therefore, it is important to choose instruments that are valid for a particular population.
The aim of the current study was to determine whether long-term retention of an emotionally arousing story is stronger than retention of a neutral story. We employed an adaptation to a Brazilian sample of stories that have been used in several experiments with patients and healthy adults involving the enhancing effects of emotion on memory (9, (12) (13) (14) . It is a memory measure of two short stories presented with slides accompanied by a narrative. One of the stories tells about an accident and has a more arousing content than the other. The set of slides is the same in both conditions. This type of material has been useful in demonstrating the emotional effect on long-term declarative memory in research with patients who suffer from Urbach-Wiethe disease, a degenerative disease that damages the amygdala (12) , in studies with amnesic patients (2, 13) , and in the investigation of the noradrenergic arousing effect on memory (14) .
As Cahill and McGaugh (9) state, these stories are matched as closely as possible. This offers better control for examination of the main effect, i.e., the emotional content, and not of the effect of the novelty of the material, the quality of the different visual stimuli used in the experimental conditions or a story effect.
The location and the actors were taken from a Brazilian middle-western community and the text was adapted to the local culture. The subjects were drawn from a variety of cultural backgrounds in order to represent the diversity of local population.
Subjects and Methods

Subjects
The sample consisted of 46 healthy subjects (29 females and 17 males) with elementary (N = 24), secondary (N = 9) and college (N = 13) educational level, with an urban, urban periphery and rural background. Mean age was 29 years (range: 18-47 years). Subjects were volunteers recruited on the university campus, and at their work sites.
Material
The instruments used by Cahill and McGaugh (9) and by Adolphs and co-workers (12) , kindly made available to us by Larry Cahill, were adapted and kept as close to the original as possible. Slides 1, 2, 4, 5, 6, 9, 10, and 11 were new pictures taken locally. An effort was made to keep the characters (age, physical appearance and type of clothing) and the overall quality of the scenes similar to the ones used by Cahill and McGaugh (9) . The three slides originally used by Cahill and McGaugh and included in this research were: slide 3 -father working in the laboratory, slide 7 -physicians in the emergency ward, and slide 8 -badly injured feet. Each slide was presented for approxi-mately 10 s. The stories tell about a mother and son going to visit the fathers workplace. The slides are the same but there was a difference in the story content (see Table 1 ). In the neutral version, on their way to visit the father, they pass by a car accident that calls the attention of the child. In the hospital, where the father works, the child participates in an emergency drill. In the arousal version the child suffers a bad car accident on his way to visit his father and is critically hurt. He is operated upon at the emergency hospital. According to previous findings (9, 12) , the arousing story can be divided into 3 phases, with the second phase (slides [5] [6] [7] [8] being the emotionally stronger phase of the story. This phase is about the childs hospitalization including a photo of the boys badly hurt legs and the surgery ward.
The same person made the narration in both conditions, played on a tape recorder in a flat and unemotional voice. The structure of the phrases was similar in both conditions. The slides were adapted to the local environment. Each slide was presented for approximately 10 s.
A similar version of the questionnaire for the 11-slide sequence used by Cahill and McGaugh (9) was translated into Portuguese. The questionnaire has 5 to 9 items about each slide, with a total of 74 multiple-choice questions. The order of the questions was kept the same for all subjects, because previous findings have indicated that randomizing the order of the questions did not influence the total score in either condition (9) .
The emotional rating scale consisted of a 0 to 10 scale printed on paper where the subjects marked the score corresponding to their opinion about the level of emotionality of the story. A score of 0 indicates not emotional, and a score of 10 indicates highly emotional.
The scoring system for story recall followed the criteria used to score most memory tests for stories (10) . Each slide narration was separated into segments and subjects received a point for recall of each segment (see Table 1 ). The recall of each segment earned 1 point; for example, for slide 1 the subject could earn up to 3 points, plus additional points for accurate description of physical details such as the boy was carrying a ball (slide 1), the mother, a lady wearing a red blouse (slide 1), mother and son were walking side by side, or arm in arm (slide 2). The recall could have different wording from the original phrases but had to convey the same idea, a synonym or a phrase with the same meaning. The narration was segmented according to criteria referring to the content and structure of the narration, such as main idea (objective, central idea of the slide, who), action (what happened), complement to the action or to the main idea (to whom, what, how) and time complement (when, after or before). Any spontaneous addition of accurate details, not stated by the narrator of the stories, such as color of clothing, physical appearance of the characters and their location in space and in relation to each other, received a correct score. We scored these additional details because they reflected increased visual memory of the pictures. The organization and order of the recall were not considered in the scoring. The investigator did the scoring.
Procedure
Subjects were randomly assigned to the arousing condition or to the neutral condition. The two groups were equivalent in terms of educational level and gender. They were initially submitted to a screening interview for any health problems, drug use, sensory disability or signs of mental retardation. In the first session they watched the slide show and immediately afterwards answered the emotional rating scale on the story. Ten days later they were asked to remember the story and to answer the multiple-choice questionnaire about the story.
In both conditions the subjects were told J.E. Frank and C. Tomaz that we were interested in knowing how people pay attention to stories. They were told that they were going to watch a slide presentation accompanied by a short phrase narrating the story played on the tape recorder. They were instructed to watch the show as if they were watching a TV program, paying attention to everything they were going to see and hear. We asked them to avoid making comments about the experiment with others. They were told that ten days later they would be doing the second part of the research and that we would be able to tell more about the research after the second session. None of the subjects indicated that they knew or suspected that their memory would be tested. Due to the diversified educational levels of the sample, the instructions varied somewhat in order to facilitate comprehension of the procedure. Their free recall was recorded on a portable tape recorder. Testing was individual in both sessions. With the exception of the university students, the experimenter read the questions to the subjects.
Results
The two groups differed in their mean recall of the stories. The subjects who watched the arousing story recalled more items of the story than the subjects who watched the neutral story. The mean recall score for the arousal group was 10.00 ± 0.95 versus 6.78 ± 0.79 for the neutral group (t (44) = -2.59, P<0.01) (Figure 1 ). The arousal group also rated the story more emotional than the neutral group (t (44) = -3.6, P<0.001) (Figure 2 ). The mean emotional rating was 7.34 ± 0.29 for the arousal group and 5.17 ± 0.51 for the neutral group. A comparison between the mean recall of each phase of the stories (phases 1, 2, 3) revealed that subjects in the arousal group recalled significantly more information from the emotionally arousing middle phase of the story than did subjects from the neutral group (t (39) = -4.13, P<0.001) (Figure 3) . The same was not observed for phases 1 and 3.
There were no statistical differences between the total number of correct choices in the recognition questionnaire recalled by participants who heard the neutral narrative and the emotionally arousing narrative (t (44) 8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6  7  8  9  0  1  1  2  3  4  5  6 The subjects were asked to rate their emotional reaction to the slide show immediately after its presentation on a scale of 0 (not emotional) to 10 (highly emotional). *P<0.001 compared to the neutral group (independent samples t-test). (9), also did not indicate any significant difference between the groups with respect to any of the three phases in the recognition questionnaire. However, the mean recognition score of slide 8 (a picture of a childs badly injured feet) disclosed a highly significant difference between the two groups (t (44) = -2.88, P<0.001), illustrating the enhancing effect of the arousing plot on recognition of this picture.
Discussion
The findings of the present study indicate that a narrative with high emotional content can enhance conscious free recall of information in humans, i.e., declarative memory. The fact that subjects in the arousal group rated the story more emotional than did the neutral group indicates a close relationship between emotionality and memory consolidation. These results are in agreement with extensive evidence from studies indicating that emotional arousal is associated with enhanced memory (2, 6, 9) .
Our results are not consistent with reported findings (9) on recognition of the most emotional part of the story (phase 2). The results on the recognition questionnaire may be due in part to the fact that this measure deals with distinct qualities of the stories and the pictures. For example, some questions ask about details that are not related to the main plot, such as spatial details about the pictures and identification of objects that appear in the picture but that are not mentioned in the narrative. Furthermore, these items are not equally distributed throughout the questionnaire, possibly reinforcing recall only for those slides that have more questions about the emotional part of the story, or more central details in the arousal condition.
It has been proposed that emotion enhances the retention of the central parts of the plot (15) . If the whole slide, including peripheral and central aspects of the picture and plot, is enhanced by the arousal effect, than it is reasonable to expect that all details will be equally recalled. However, if the enhancement is more restricted to the emotional aspects of the plot, less relevant details such as the background of the picture that is not semantically linked to the event in the story will not be as well retained.
We found a remarkable difference between groups in recognition of slide 8 -a picture of badly injured feet. In the arousal version of the story this slide shows the boys reattached feet after surgery. Subjects in the arousal condition obtained a significantly higher score for the items about this slide. This supports the possibility that in the present paradigm questions and visual elements more centrally related to the emotional plot were more affected by arousal.
A more detailed item analysis could improve the specificity of the questionnaire because of the restrictions indicated above and also in terms of cultural differences.
It is possible that the less educated subjects did not understand some of the questions due to unfamiliarity with this type of instrument or due to content problems. However, when the groups of college and elementary school subjects were analyzed separately, there was no significant difference between groups (neutral and arousing) in the recognition scores. This demonstrates that the enhancement is not likely to be a phenomenon of educational background. Therefore, despite the possible influence of education on the scores, we found that the results are important in terms of the main focus of this study.
Another restriction regarding the recognition measure refers to the sequencing of the items. We chose not to randomize the order of questions because evidence from previous findings (9) did not suggest that this was significant to the hypothesis. However, considering the characteristics of the present sample, we do not know how the order may have affected comprehension and the recog-nition process.
The free recall results in this heterogeneous sample strongly suggest that this instrument is a valid tool to examine emotional memory in subjects of varying educational levels. This consistency of findings across distinct cultural samples substantiates the universality of the emotional response to pictures and narratives and its influence on long-term retention under laboratory conditions. This supports the notion of biological mechanisms involved in this aspect of emotional memory. Our conclusion agrees with the view that the influence of emotion on memory is not a purely cognitive or affective phenomenon, but a property of an aroused state that involves subcortical and related physiological activation (9) .
In light of present findings, many studies utilizing this picture/narrative-story paradigm can be conducted to analyze the nature of the emotional influence on memory. A number of investigations have dealt with the role played by structures in the medial part of the temporal lobe in the interaction between cognition and emotion. An extension of this paradigm to investigations with neurological and amnesic patients will contribute to defining the role of the neural network in enhancement of recall. Furthermore, our data indicate that this can be an interesting instrument for those who want to work with emotional memory in Brazil.
The considerable body of evidence regarding the enhancing effect of emotional content on declarative memory has an implication for memory rehabilitation. This may offer new strategies for improving recall in amnesic patients.
